Abstract: Are smart cities sustainable? This study aims to seek how the concepts and applications of the smart city and the sustainable city can be integrated. Smart city policy practices tend to principally focus technological or economic aspects. However, superficial application of cutting-edge information communication technologies or the internet of things may not transform the city into a place for better quality of life and co-existence with the ecosystem. The sustainable smart city framework that combines sustainability (economic, environmental, and social) pillars with good governance can provide commonly shared visions and practices for urban development. However, an empirical assessment of the Korean Smart City Act suggests that current policies focus more on economic and technological benefits from implementation of smart cities. Environmental and social research and practice require mainstreaming of seemingly neglected components of sustainability for current and future urban policy formation.
I. Introduction
Currently, the term "fourth industrial revolution" that fuses information and communication technologies (ICT) with everyday life is drawing much academic and policy attention. Despite controversies over the relevancy of the term, it is apparent that we are currently experiencing rapid technological innovation, including artificial intelligence, the internet of things, (IoT) and so many other issues. On the one hand, advancement of ICT also influences our urban life and ** Funding was provided by National Research Foundation of Korea (Grant no. 2017-11-0420 ). ** Associate Professor, Political Science and International Studies, Yonsei University infrastructure. The concepts and application of the ubiquitous city (U-City) that use information technologies in urban managment, and the current smart city reflect this trend. On the other hand, environmental and urban policies have employed the concept of the sustainable city to meet current and future needs in urban areas, with the harmony of environmental, economic, and social virtues taken into consideration. These two mega trends in urban environmental policy lead to several questions: are smart cities sustainable? What are the common and different components of a smart city and a sustainable city? Finally, how do current smart city policies reflect the concept of sustainability? While smart cities would be equipped with cutting-edge ICT, it is imperative for smart cities to be economically, socially, and environmentally sustainable for future generations.
To this end, the first section of this research addresses the concepts and key components of the smart city and sustainability. By reviewing the extant literature, this study explores the common ground for conceptual integration. The next section utilizes the framework of the sustainable smart city to empirically analyze the Korean Smart City Act.
The final section draws conclusion and explores implications of smart and sustainable city concepts and practices.
Ⅱ. Theories: The Smart City and Sustainable City 1. Concepts and Components of Smart City
What is meant by the word "smart" in "smart city?" The adverb "smart" is inherently related to technology, efficiency, and space. For instance, the "smart" phone is a combination of a mobile phone and personal digital assistant designed to maximize efficiency, and is also an embodiment of the ubiquitous environment; it provides anytime, anyplace, and any-device computerized access to create intellectual living circumstances (Choi, 2011) .
"Smart city" combines the terms "smart" and "city," highlighting technological innovation, efficiency, and ubiquitous access in urban areas.
The smart city aims to solve urban problems including rapid urban growth, safety, housing shortages, resource usage, and many other issues through connecting urban infrastructure and management. Many cities around the world seek to provide better urban service and vibrant economic development based on rapidly developing ICT (Hall, 2000) .
The literature on the smart city highlights technology, connectivity, and efficiency as key components. While the challenge of achieving a common and shared concept of the smart city remains, technology is a key component. The use of smart computing technologies is characterized as self-configuration, self-optimization, and self-healing to make the critical infrastructure and services in a city interconnected, intelligent, and efficient (Nam and Pardo, 2011; Washburn et al., 2010) . With the help of smart technologies, a smart city can monitor and manage its infrastructure, including roads, subways, communications, water, power, and even major buildings. ICT technologies can better optimize urban resources, provide preventive maintenance activities, and monitor security (Hall, 2000) . According to this perspective, a smart city refers to the shift in urban space by means of advanced ICT.
The smart city utilizes innovative technologies, including remote sensing (RS), global positioning systems (GPS), geographic information systems (GIS), and other spatial information technologies as its main means (Al-Hader, Rodzi, Sharif and Ahmad, 2009 ). All kinds of geographic information make up an urban geographic information platform for public service in urban areas. The smart city is then understood on the basis of a comprehensive digital city, combining visual and measurable urban management and operations with intelligence. The smart city focuses on applying next-generation information technology to the formation of the IoT via the Internet (Su, Li and Fu, 2011) . Accordingly, urban residents can manage production and life more meticulously and dynamically. In these circumstances, the smart city is defined as the use of ICT to sense, analyze, and integrate key information of core systems in running cities.
Others highlight connectivity as an attribute of smart cities. Smart technology itself cannot work alone. Multi-layered technologies should be connected to gain effective management of urban systems (Caragliu, Del Bo and Nijkamp, 2011) . The smart city infuses intelligence into each subsystem of a city, linking transportation, energy, healthcare, and safety of the organic network into an interconnected whole. Under these circumstances, a smart ecosystem can be perceived as a conceptual extension of smart space from the personal context to the larger community and entire city (Nam and Pardo, 2011) .
In terms of urban planning, the smart city is construed as an extended version of the U-City, which is a city where citizens can access advanced technology whenever they wish. The smart city moves one step forward by applying ubiquitous technology and by transforming a city into one that is embedded in and connected with future technology.
Basically, the smart city is a city that provides infrastructure for telecommunication to every corner of the connected city region akin to how the neural network of human beings operates (Choi, 2011 One of the primary aims of smart cities is to make better use of resources (Neirotti, De Marco, Cagliano, Mangano and Scorrano, 2014) .
The emergence of smart city concepts and practices comes from the changing urban environment; increasing population in limited areas requires efficient use of energy, water, and other resources (Neirotti et al., 2014) . Efficiency here refers to the accomplishment of goals without wasting resources. The smart city was initially introduced to emphasize the automation of the advanced features of urban technologies for security and operations.
Concepts and Components of the Sustainable City
Extant research generally shares several characteristics of sustainable cities that harmonize the three pillars of sustainability in urban areas.
They are environmental, economic, and social traits (Portney, 2003) . In addition, the sustainable city concept relies on the basic concept of sustainability as "creating development that meets the needs of the present without compromising the ability of future generations to meet their own needs" (WCED, 1987) . Sustainable city policies, based on the concept of sustainable development, consider the balance of economic, environmental, and societal attributes with the needs of current and future generations. Therefore, urban development for sustainability requires improvement in the urban environment and economy while also promoting inter-and intra-generational equity and social justice in the area (Lorr, 2012) .
By harmonizing the three pillars, sustainable urban development seeks to enhance the quality of life and of nature. Sustainable cities ensure that citizens and neighboring populations attain and maintain acceptable living conditions (Camagni, Capello and Nijkamp, 1998 ).
The quality of life in urban areas relies heavily on everyday urban environments (Pacione, 2003) . Urban areas are inherently artificial space for human needs and activities. However, excessive use of space, energy, and other resources threatens the well-being of citizens as well as already small natural spaces. Therefore, sustainable cities ultimately aim to improve the quality of human and natural life (Van Kamp, Leidelmeijer, Marsman and De Hollander, 2003) .
Efficiency, reduced consumption of energy, and other resources to sustain urban life and activities have been highlighted as means to achieve these sustainable goals (Jarrar and Al-Zoabi, 2008) .
Harmonizing the three pillars of sustainable development requires efficient management of human and natural resources. Without efficient allocation and use of urban resources, expectations in consideration of intergenerational issues between current and future generations cannot be met. Efficiency in a sustainable city focuses on the urban form (whether and to what extent compact cities can enhance efficiency in urban development) and management of energy and other resources in two ways. First, a compact environment may bring about better access to facilities and greeneries and less use of energy and transportation (Jenks and Jones, 2009 ). Second, efficiency in resource use, particularly that of renewable energy, recycling, and water saving can enhance urban sustainability. Efficiency measures for resources of water, energy, and land are prerequisites for achieving sustainable urban development (Nijkamp and Pepping, 1998) .
Enhancing sustainability in urban areas is a process rather than a target. For example, Hassan and Lee assert that while cities themselves cannot be sustainable, they can contribute to the transition to sustainability. The use of the sustainable city concept may limit the potential for further enhancement of sustainability in future projects; thus, using "transition toward the sustainable city" instead is more effective (Hassan and Lee, 2015) . To this end, institutional settings including participatory governance bodies and city departments responsible for sustainability are critical (Portney, 2003) .
Overall, a shared definition of sustainability and the sustainable city is yet to be articulated, and existing definitions still appear varied and depend on the particular focus of the researcher; economic, environmental, and social aspects are generally dovetailed.
Integrating Components of the Sustainable and Smart City
The different concepts and components of the smart city and the sustainable city find their origins in different focal points. The smart city concept has highlighted the application of advanced ICT in an urban context. ICT connects urban infrastructure, management systems, and people who utilize these systems. Conversely, the concept of sustainable cities originates largely from environmental concerns. Balancing economic efficiency and societal equity extends the initial focus of clean environment and sustainable resource management. While it is not possible to give an exhaustive review of all of the differences and similarities in one article, this study aims to offer insights that can serve as tools to integrate smart city and sustainable city approaches.
Concepts and components of the smart city and the sustainable city do overlap as seen in Figure 1 . The smart city aims to enhance the quality of life through efficient use of connected technologies. Innovative technologies cannot be the only components of the smart city. Instead, cutting-edge technologies are a means to ultimately contribute to the well-being of citizens. To this end, the institutional dimensions as well as human dimensions of smart cities can alleviate potential urban problems. In particular governance and policies from the institutional dimension combined with the social capital and social learning of leaders and citizens from the human dimension can work effectively together to solve concerns related to digital divide, excessive profit seeking activities, hacking, and other problems of smart cities (Nam and Pardo, 2011) .
<Figure 1> Comparison of smart city and sustainable city components
Fundamentally, the principle of smart city development is the utilization of sustainability to create modern urban spaces in a balanced environment. Smart city infrastructure efficiently utilizes urban resources such as electricity, water, and other resources from the bottom. For this, the smart city subsequently integrates database resources of spatial database and resource management systems with the smart interface of a common operational platform (Al-Hader et al., 2009 (Hollands, 2008) . A city that is connected to advanced technology and ubiquitous databases for urban management may be turned into panopticon, consistent surveillance society, with high hacking risks (Lim, 2017) . In addition, the adoption of smart city practices may become a means to increase the revenue of global IT companies and the price of real estate for landowners rather than to provide for the well-being of citizens (Park and Yoo, 2017) . Those who do not possess financial resources may not receive the benefits of efficient and cutting-edge smart city management. Policymakers might consider a business-led or technology-led model more favorable if a smart city model that lacks long-term strategy for citizens' quality of life and sustainability (Hollands, 2008) .
To overcome the pitfalls of the smart city and ensure better quality of life in urban ecosystems, integrative frameworks require a combination of sustainable city and smart city elements. A sustainable and smart city refers to a city that succeeds in harmonizing economic, social, and environmental pillars with advanced ICT and governance, for the well-being of current and future citizens and urban ecosystem. A sustainable and smart city can fuel economic growth through investment in human and social capital, and in traditional and modern communication infrastructure (Nam and Pardo, 2011) . Partnership and cooperative governance structures among main stakeholders and citizens are necessary for addressing urban problems such as inequity, environmental degradation, and resource overuse.
A smart and sustainable city includes four components. First, a city that addresses the role of social and environmental elements in urban development qualifies as a sustainable and smart city. If social and environmental issues are not properly taken into account, social polarization and environmental degradation may arise as a result. This issue is also relevant to economic, spatial, and cultural polarization.
Thus, social and environmental sustainability is critical as a major, strategic component of smart cities (Caragliu et al., 2011) . Integration of the sustainable and smart city should focus on social inclusion of various urban residents in the provision of public services. This will allow researchers, policy makers, and citizens can focus on the crucial issue of equitable urban growth.
Second, an emphasis should be placed on the crucial role of high-tech and creative industries as parts of the economic pillar of long-term urban growth. The goal of networked infrastructure is to improve economic efficiency and prosperity which enables social, cultural, and urban development (Berry and Glaeser, 2005) . Innovation, experiments, productivity, and entrepreneurship in sustainable and smart cities enhance economic competitiveness within and beyond city boundaries.
Third, promotion of clean and environmentally-friendly urban solutions and supports should be a part of integrative approach in sustainable and smart city. Integrating ICT into urban planning and management utilizes resources efficiently. In particular, given energy usage in urban areas, the sustainable and smart city aims to promote energy efficiency, encourage the rational use of energy sources, increase the use of new and renewable energy sources, and bolster energy diversification by stimulating energy efficiency and renewable energy in the field of transport (Lazaroiu and Roscia, 2012) .
ICT technologies in the smart city enable utilization of an optimal technological network as well as locations for energy provision Are Smart Cities Sustainable? Toward the Integration of the Sustainable and Smart City ▪ 139 installations. The smart city provides all buildings with heating, cooling, and electricity. In addition, it integrates locally available resources while generating the highest possible added value for the entire energy provision system. It also takes into account resource, investment, and infrastructure cost as well as the limitation of resources (Maier, 2016) .
Fourth, institutions and governance for the sustainable and smart city should be considered. The sustainable and smart city is comprised not only of technological and human dimensions, but also institutional dimensions. Leadership with the strong support of governance and institutions is the key to success (Nam and Pardo, 2011) . Smart city initiatives discuss institutions and management in the context of e-governments that provide public services using ICT. A ubiquitous ICT environment allows citizens to access agenda setting and policy making processes and also provides instant participation (Chourabi et al., 2012) .
In practice, to integrate the concepts and components of the sustainable and smart city, comprehensive measurement can be utilized to assess its multi-dimensional attributes (Albino, Berardi and Dangelico, 2015) . For example, researchers from the Centre of Regional Science at the Vienna University of Technology analyzed the degree of smartness and sustainability of 70 European middle size cities, using six dimensions (smart economy, smart mobility, smart environment, smart people, smart living, and smart governance (Lombardi, Giordano, Farouh and Yousef, 2012) .
Based on this literature review, I propose dimensions and components of the sustainable and smart city in Table 1 
Ubiquitous and Smart City Policies in Korea
International society has been focused on creating smart cities to meet the proliferating needs of people who experience technological development (Batty et al., 2012) . South Korea has made such improvements within its cities according to social needs and institutional changes.
However, in South Korea smart city terminology in discourse on smart city governance and policies are slightly different from those of other countries in two ways. (Kim, 2007) . First, Korea began smart city policies, under the title "Ubiquitous (U)-City." According to the text mining study of Lim et al. (2014) , the term 'U-City' is more likely to be chosen in domestic research and by practitioners than is 'smart city,' which is used favorably in other countries . Second, compared to business-led or locally-led smart city initiatives in other countries, the Korean national government, in cooperation with the administration bureaus and the national parliament, took the initiative to enact the law on the construction of ubiquitous cities at the national level (Jang and Kim, 2017) . First, the definition of U-City information clarified as information was created, collected, and distributed to provide U-City services. In addition, information on space, administration, and sensors, devices input data into a computer system, should be collected together to facilitate urban services. By doing so, specific policy bases to utilize U-City information becomes clearer. Han et al. argued that individually separated connections between each service and facility are not efficient for U-City platform; rather, creating a unified operation system is the condition of foremost importance. In fact, the city of Anyang increased citizen life satisfaction rates up to 87.2% with a 18.5% decrease in crime rate thanks to a unified operation system (Han et al., 2014) . Extant research also notes that the outcome of U-City policies will be inefficient in the absence of a unified operation system. According to the KRIHS report on the relationship between closed-circuit televisions and the crime rate in Eunpyeong-gu, Seoul, the crime rate did not decline, despite a 1833% increase of the number of CCTVs in the area (KRIHS, 2014) . Such linkages between systems like transportation, CCTV programs, and databases for stolen cars need to be created, and these will be an effective method for contributing to increased o life satisfaction of citizens .
Second, U-City policy implementation focused more on newly built cities. While new cities like Dongtan and Sejong could easily implement U-City policies due to sparse urban infrastructure, metropolitan cities that have maintained their own infrastructure for decades have found that U-City policies and technological applications conflicted with the existing city systems. Similarly, some studies assert that South Korea's U-City policies are basically new-cities-centric, concentrating on the efficient management of cities ; however, South
Korean urban planning policies have changed from new city development to urban regeneration (KRIHS, 2014), and new-cities-centric policies have been altered or abolished to revitalize established cities (Jang et al., 2015) . In these circumstances, the primary U-City policies of MOLIT required certain revisions.
In addition, U-City policies designed to develop urban environments have not changed the perception of people. Jang and Kim (2017) , for example, argued that publicity activities have been inactive and public
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Overall, U-City policies in Korea have to address issues including a vague concept and definition of U-City, how to expand it in metropolitan cities which have maintained their own urban systems, and how to raise awareness of the ubiquitous services. These limitations resulted in the changes which can be found in the Act on Construction and Industrial Enhancement of the Smart City in 2017.
In the Smart City Act, the term 'smart city' became a focal point of urban development policy in order to be in accordance with the generally used term (Jang and Kim, 2017) . In addition, while the ubiquitous city implemented domestic policies to expand the U-City, current smart city policies highlight export-oriented support to expand successful smart city model cases abroad. To this end, smart city policy is recognized as one of the seven new future industries with multi-departmental support from the Ministries of Land Infrastructure and Transport, Trade Industry and Energy, Science ICT and Future Planning, and the Interior (Kim, 2017) .
An Assessment of Korean Smart City Policy through the Sustainable and Smart City Concept
Are Korean smart city policies sustainable? The Smart City Act defines a smart city as a "sustainable" city based on the urban infrastructure and smart city services that disseminate construction and ICT technology to enhance urban competitiveness and quality of life (Smart City Act, 2017) . Smart city services refer to services that collect, manage, and connect data on administration, transportation, environment, and safety through smart city infrastructure (Smart City Act, 2017) . It is worth noting that although the term "sustainability" appears in the act, it presents several challenges for future policy planning and implementation.
This study analyzes the Smart City Act from the perspective of the sustainable and smart city framework described above. The Smart City
Act has just been enacted in 2017, the same year that this article was authored, and will not be implemented until 2018. Thus, cases or practice under the new legal framework have not yet been developed. By examining the latest legislation, this study suggests ways in which smart city regulations, policies, and practice are aimed.
The Smart City Act only briefly alludes to environmental sustainability in its mention of the "sustainable city" in the definition of smart city.
Given the absence of a sustainable city act, however, incorporation of environmental sustainability into smart city governance and practice should be discussed. For example, the integration of environment-related data such as water, sewage, air pollution, waste, transportation, and comprehensive management would be the key components of a sustainable and smart city (Neirotti et al., 2014) . Furthermore, little attention has been paid to the energy transition into renewable energy oriented, decentralized, and smart grid system components (De Jong, Joss, Schraven, Zhan and Weijnen, 2015) . In the long run, economic stability of smart city industrial exports would be enhanced by attractive, well-run examples.
The Smart City Act rarely addresses societal sustainability and equity issues. Support of education for human resource facilitates smart people components (Nam and Pardo, 2011) . However, social equity and the digital divide in smart cities should be considered in smart city policies to promote societal sustainability. The heads of local government can establish smart city project councils. Smart city industry is also able to launch a smart city association to facilitate business cooperation.
The establishment of governance structure and institutions is one of the strengths of the Smart City Act. The Act clarifies the smart city promotion system. Under the Ministry of Land, Infrastructure, and Transport, the National Smart City Commission deals with master plans, nationally initiated smart city construction, and coordination between national and local governments. To implement smart city governance, using e-government and civic participatory platforms would be valuable in maintaining connected governance. analytic framework. An assessment of the Korean Smart City Act suggests that environment and social sustainability need to be mainstreamed in smart city regulation and practices.
Discourse and practice regarding the smart city have focused primarily on the application of ICT technology in urban management. The concept of the smart city and its implementation reflects a way to respond to urban issues such as population growth, economic growth, safety, housing, transport, energy and resource usage, and effective governance.
An upward shift in urban technologies may address these issues.
However, technology per se cannot solve complex urban problems.
Without human and institutional capital, ICT technology with no regard for vision and direction is unable to transform cities.
Sustainability is a common concept that can be used to transform cities into better places. The 11th United Nations Sustainable Development Goal is to make cities and human settlements inclusive, safe, resilient, and sustainable (UN, 2017) . Given that more than half of the world population lives in cities, management of urban problems is one of the critical issues of environmental and urban policy. Creation of sustainable and smart cities rather than simply smart cities should consider more elements for enhancing quality of life, harmony between human society and ecosystems, and addressing the needs of future
generations.
Yet, this analysis of the Korean Smart City Act suggests that smart city policy primarily highlights technological and economic aspects. This bias in strategic interest may lead to ignoring alternative avenues of promising urban development (Halland, 2008) . Scholars and practitioners of environmental and social policy should pay greater attention to mainstreaming the concepts of sustainability, particularly environmental
